A loblolly pine (Pinus taedcr L.) plantation was subjected to two cultural treatments to examine seasonal and cumulative pine development in the 9th through 12th growing seasons: (1) pine stocking was either reduced by thuuung to 303 trees per acre at a 12-by 12-ft spacing or the plots were left uncut with an original density of 1,210 trees per acre at a 6-by 6-ft spacing, and (2) either no fertilizer was applied or rliammoniurn phosphate was broadcast at 134 Ib of phosphorus and 120 lb of nitrogen per acre. Competing vegetakion was controlled on all plots. T h m m g resulted in less spring helght growth in the 9th and 10th growing seasons than not cutting, but thinning in& diameter growth each year. Beghnhg in the 10th growing season, fertilization in& height, diameter, and basal area per acre growth, with the effect of fertilization on diameter growth being most pronounced on the thinned plots (a thinning by fertilization interaction). Therefore, fertilization of thinned plots was more beneficial than thinning alone, and thinning alone resulted in less h e a t and basal area per acre growth than the other treatment combinations for the 4-year period.
Seasonal and Cumulative Loblolly Pine Development
Under I h Stand Density and Fertility Levels Through Four Growing Se85olls
INTRODUCTION
The likelihood that fertilization will i nvolume increment in pole-to sawlog-sized loblolly pine (Pinus taeda L.) stands is greatly dependent on the initial stand basal area per acre (Moehring 1966 , W e l l s and others 1976, Widsor and Reines 1973) . Therefore, the fertilization of stands that had been thinned is often much more beneficial for increasing diameter and height increment than either fertilization or thinning alone (Jones and Broerman 1977) . The cumulative effect is to increase net volume (and value) per tree left in thinned stands as fertilization acts to speed up site reoccupancy GhUard 1981,I3aUard and others 1981) .
Both thimmg and fertilization Muence stand development, but it is not clear when the effect of cultural treatments occurs during the growing season. In this study, loblolly pine height and diameter measurements were made periodically over 4 years to determine: (I) when growth responses to thinning and fertilization occur and (2) 
METHODS

Experimental M g n and 'hatment
In April 1988, the understory hardwood trees, shrubs, brush (including Rubus spp. and Smilax spp.), and herbaceous plants were cut with a tractor drawn, rotary mower. Twelve research plots were established with each plot containing 13 rows of 13 trees each (0.14 acre).
Ik.eatments were randomly assigned to the l2 plots in a 2 by 2 factorial arrangement with 3 replications as follows:
1. (Tiarks 1982) .
On the thinned plots, the trees were removed to leave a 12-by 12-ft spacing by cutting every other row of trees and every other tree in the uncut m. This left 12 pines on the interior measurement area of each cut plot. The plots were not selectively thinned to avoid biasing the comparison of the thinned and uncut plots. The purpose of thinning was not to impmve the population of trees, but rather to compare growth between like populations of trees growing under different management practices On the uncut plots, 12 trees were systematically selected for oallecting height data, rather than measuring the height of every tree. The same selection scheme was used to choose these l2 trees as was used to choose the residual trees on the thinned plots. The l2 selected trees on each plot were banded with red paint at about 5.5 ft to ensure relocation. All trees on the interior measurement areas were marked with a blue painted line at d. Data were analyzed by analgses of covariance with the cavariate being the original heqht, diameter, or basal area per acre data (a = 0.06). These analyses determined that seasonal differences among treatments in 1989 and 1990 were important, but seasonal effeds did not occur in 1991 and 1992. Therefore, the reported dependent variables were the periodic growth differences in the spring, aumxner, and fall of 1989 and 1990, as well as the cumulative (yearend) growth differences throughout the 4-year period.
The spring-growth periods were from March 27 through July 5, 1989 (100 days), and fmm March 19 through June 13, 1990 (86 days). The summergrowth periods were from July 5 thmugh October 2,1989 (89 days), and from June 13 thm@ October 29,1990 (138 days). The fall-growth periods were from October 2, 1989 thmugh March 19, 1990 (168 days), and from October 29 through December 14,1990 (46 days).
RESULTS AND DISCUSSION
Thinning to 303 pine trees per acre at age 8 resulted in less total height growth through age l2 compared to no thinning ( fig. 1) . The dampening effect of thinning In height g . n~ rth was most pronounced in the spring of the 9th and 10th growing seasons (table 1). Thinning did not affect height growth in the 11th and 12th growing season^ (fig. 1 ). Ginn and others (1989) alao reported an early suppression in loblolly pine height growth from reduction in stand stocblng.
Fertilization inrreased total height growth for the &year period, but the effect of fertilization on height growth was not evident until the 10th growing season, when height growth was increased on the uncut plots in spring 1990 (see the thinnung by fertilization interaction effect in table 1). Height growth on both the thinned-fertilized and uncut-fertilized plots i nin summer 1990 ( fig. 1, table 1) . Thus, the effect of fertilization on heqht growth was delayed, whereas the effect of thinning on height growth was immediate. The cumulative influence of thinning and fertilization on pine height growth was additive for the 4-year period ( fig. 2) . Periodic height growth averaged ll.6, 14.4, 9.5, and 12.7 ft from the 9th thmugh 12th growing seasons on the uncut-unfertilized, uncut-fertilized, thinned-unfertilized, and thinned-fertilized treatments, reqedvely.
Thinning significantly increased diameter growth of the residual trees for the &year period ( fig. 1) . The seasonal effect of thinning on diameter growth was immediate, and this positive growth response was significant every season from spring 1989 through summer 1990 (table 1) .
Fertdhtion significantly in& seasonal diame ter growth in Bummer 1989 and 1990 ( fig. 1, table 1 ).
Other studies have shown that initial stand basal area greatly influences pine tree responses to fertilization (Moehring 1966, Wells and others 1976, Wmdsor and Reines 1973), and fertilization of thinned stands is often more beneficial than either fertilization or stand density reduction alone (Jones and Broerman 1977) . This was demonstrated by a s w i c a n t thinning by fertilizer interaction effect on diame&r growth at the end of 1990,1991, and 1992 (table I) , with fertilFzation having little cumulative benefit on pine diameter growth on the uncut plots (fw l,2). Periodic diameter growth for the 4-year period averaged 0.7,0.8,18, and 2.6 inches on the uncut-unfertilized, uncut-fertilized, thinned-unfertilized, and thinned-fertilized treatments, respectively.
Thinning resulted in less cumulative basal area growth per acre than no h m h g at a probability > F-value = 0.1372 (table 11, and the uncut and thinned treatments averaged a 44.8-and 38.8-ft2 gain in basal area per acre for the Pyear period, respectively ( fig. 1 ).
Fertilization increased cumulative basal area growth, espeaally on the thinned plots (Q. 2), but there was no smc8nt thinning by fertilization interaction effect in the cumulative basal area per acre analysis (probability > F-value = 0.4135; table 1). The 4-year gain in basal area was 41, 49, 32, and 46 ft2 per acre on the uncut-unfertilized, uncut-fertilized, thinnedunfertilized, and thinned-fertilized treatments, respectively. To conclude, managers -.' ing to accelerate diameter growth in dense young stands of loblolly pine should do more than just apply fertilizer. Rather, overstocked stands will most likely have to be commercially or precommercially thinned before fertilization will benefit diameter and basal area increment. Thinning alone increases diameter growth, but thinning w i l l have a negative effect on loblolly pine height increment for the first 2 years after cutting. This effect may still be evident in later years because height growth returns to its prethinning pattern rat her than accelerating its growth pattern. Thinning alone resulted in less basal area growth per acre than the other three treatment combinations for the 4-year period. 
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